Thin-layer chromatography of trinitrophenyl derivatives of amino acids in urine and plasma D. PHILPOTT From the Department ofPathology, General Hospital, Northampton SYNOPSIS The preparation and separation by thin-layer chromatography of the trinitrophenyl derivatives of amino acids in plasma and urine is described. The semi-quantitative procedure presents a useful addition to existing methods for screening biological fluids for aminoacidopathies.
The use of 2,4,6-trinitrobenzene-1-sulphonic acid (TNBS) for the preparation of the trinitrophenyl derivatives of amino acids and peptides was described by Okuyama and Satake (1960) and Satake, Okuyama, Ohashi, and Shinoda (1960) . It was observed by Nitecki, Stoltenberg, and Goodman (1967) that mixtures of trinitrophenyl-amino acids could be resolved remarkably well by thin-layer chromatography. They further noted that the preparation of these derivatives presented a number of distinct advantages over that of dinitrophenyl amino acid derivatives prepared with the aid of 1-fluoro-2,4-dinitrobenzene. The TNBS reagent is water soluble, resulting in homogeneous reaction mixtures, and side reactions are largely avoided.
The technique of Nitecki et al (1967) has been applied here, with some modification, to urine and plasma, the amino acid profiles being investigated densitometrically.
Materials
Analytical or 'special for chromatography' grade reagents were employed when available. The chloroform used contained 2 % v/v ofethanol.
Thin-layer chromatography plates, 5 x 20 cm, and cylindrical jars, 6 5 cm diameter, approximately 22 cm high, and with ground glass lids, were supplied by Camlab (Glass) Ltd, Cambridge.
Silica gel G1 (Kiesel G nach Stahl) was used.
Distilled water, was added to 30g silica gel in a 500-ml conical flask fitted with a rubber bung. The flask was shaken vigorously by hand for 2 min before pouring the contents immediately into a Quickfit & Quartz spreader. This quantity of slurry was sufficient to coat 20 plates with a layer 0-25 mm thick. The plates were air dried for 24 hours before use. No activation was employed.
Methods
As changes occur in urine and plasma constituents in a few hours at room temperature, all specimens were stored at -20°C until ready for processing. 
Urine
To 1 ml of specimen in a glass-stoppered centrifuge tube was added 1 ml of water, 1 ml of 4% sodium bicarbonate solution, and a knife-point (50 mg approximately) of 2,4,6-trinitrobenzene-I-sulphuric acid. In the case of very dilute specimens, 2 ml undiluted urine was taken. The mixture was kept for two hours in the dark at 37°C, cooled, and then acidified with 1 ml 1N hydrochloric acid. The trinitrophenyl amino acid derivatives were extracted into two 5 ml portions of ether, and centrifuged briefly to assist separation. The combined extracts were dried over anhydrous sodium sulphate and then evaporated to dryness in a water bath. The residue was cooled and dissolved in 0-1 ml acetone, transferred to a small tube, and stored, well stoppered, in the dark at -20°C.
Plasma
Protein was removed by heat coagulation. To 1 ml of plasma in a small test tube was added 1 ml of 0-05N acetic acid. The mixture was heated in a boiling water bath for 3 min, cooled, and centrifuged. The supernatant fluid was decanied into a glass-stoppered centrifuge tube, subsequent processing being as described for urine.
BASIC AMINO ACID DERIVATIVES (URINE AND PLASMA)
Any residual ether remaining after extraction was pipetted off. Acetone, 0 5 ml, was added to the residual fluid and the mixture was saturated with solid ammonium sulphate. Aftercentrifuging, the acetone layer was quantitatively transferred to a small tube and stored at -20°C. 
Results
The excellent separation of mixtures of trinitrophenyl derivatives of amino acids obtained by Nitecki et al (1967) by thin-layer chromatography with pure solutions was repeated when applied to urine and plasma. Nine to 10 clearly defined spots of trinitrophenyl derivatives of neutral and acidic amino acids were normally obtained and were recorded as well defined peaks on the densitometer tracings. They were invariably preceded on the plate in both urine and plasma chromatograms by the crescent-shaped spot of picramide. This showed intense yellow fluorescence under ultraviolet light at 350 m,u. Its presence has been attributed to the action of ammonia, derived from glutamine, on the TNBS reagent. Urea, too, was found here to be 'hydrolysed' to some extent to produce picramide in similar fashion. Fortuitously, the picramide spot formed a useful marker to which the trinitrophenyl amino acid derivatives could be referred. Figures I and 2 a-Aminobutyric acid = a-NH,Bu; alanine = Ala; aspartic acid = Asp; glutamicacid= Glu; glutamine = GNH2; glycine = Gly; histidine = Hist; 3-methylhistidine = 3-meth-hist; homocystine = homocyst, leucine = Leu; methionine = Met; phenylalanine; Ph.Al; picric acid = Pic; picramide = Picr. amino acid TNP derivatives presented some difficulties. The salting-out procedure adopted here proved more satisfactory than the direct spotting of the acid reaction mixtures onto the plates proposed by the original authors. The acid-butanol solvent mixture finally adopted was the best of a wide range of solvent mixtures investigated. aminoaciduria, unless a specimen of urine of high specific gravity was involved. Semiquantitive assessment for screening purposes was further provided by comparison of the densitometer tracings with those obtained from normal fluids. Normally in urine the heights of the peaks rarely exceeded that given by the picramide spot.
Conclusions
The technique described has the merit for screening purposes of speed, simplicity, and, for the most part, excellent chromatographic resolution. The use of heat coagulation for plasma protein precipitation has the advantage of being rapid but is likely to produce artefacts. However, comparison of the results with those obtained using the solvent extraction technique of Naftalin and Stephens (1965) revealed no significant differences.
One disadvantage of the method is the failure of proline and hydroxyproline to form trinitro derivatives since the reagent reacts only with the primary amino groups. Brown (1968) , however, has recently recorded a derivative of proline in a formed on prolonged reaction in a more alkaline , Asp, medium and it may prove possible to adopt the method accordingly.
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